Introduction
Sleep complaints are commonly reported but are often under-diagnosed. The impact of sleep problems on daytime functioning may vary from simply being sleepy to lower productivity, mistakes, accidents or even death 1) . The association between sleep quality and on-the-job performance is bi-directional. Poor sleep affects daytime performance, but job stressors concerning work overload, role conflict, autonomy, and performing repetitive tasks may have a negative impact on sleep quality as well 2, 3) . The socioeconomic impact of the interplay between sleep quality and on-the-job performance is enormous and often underestimated 1, 4) . While impaired occupational functioning is a diagnostic criterion for primary insomnia in DSM-IV and ICSD-2, relationships between insomnia and work performance have received little research attention.
The Occupational Impact of Sleep Questionnaire (OISQ), initially piloted by David and Morgan 5, 6) , is a 24-item questionnaire combining workplace scenarios from the Work Limitations Questionnaire (WLQ) 7) augmented with items specific to circadian variations in efficiency, and global work satisfaction. The likert-type response format is similar to those used in the WLQ, the Pittsburgh Sleep Quality Index (PSQI) 8) and the ShortForm 36 (SF-36) 9) , while the time frame addressed by each item (the past 4 wk) matches the PSQI and the SF-36. The questionnaire assesses the construct 'occupational impact of sleep quality' conceptualized as a variable continuously distributed throughout the working population, and not restricted to those experiencing insomnia or other sleep disorders. This conceptualization allows for the scale to be used as: i) a clinical assessment tool; ii) a clinical outcome measure; and iii) a population screening tool.
The 24-item version of the OISQ was developed in the context of a longitudinal study of insomnia involving 86 participants, 43 people with insomnia (PWI) and 43 controls. The PWI group comprised 26 women and 17 men (mean age 39 ± 7.6) meeting DSM-IV criteria for primary insomnia. The control group included 32 women and 1 11 men (mean age 36 ± 7.4) all of whom scored ≤5 on the PSQI. All participants were engaged in non-shiftwork daytime occupations, were non-obese (BMI<30), were not taking neuroleptic medication, and reported no 'chronic health conditions'. Each completed the 24-item OISQ. Data from all 86 participants showed activity across the potential OISQ score range (measured range=0-80; mean=25), and a Cronbach's alpha coefficient of 0.93. Scores also significantly discriminated between PWI and control participants (PWI Group mean=16.7 ± 12.2 v Control Group mean=8.1 ± 7.0; F=10.1, p<0.001). These results provided strong support for the internal consistency reliability and criterion validity of the scale. Scores on the OISQ correlate significant with performance on the psychomotor vigilance task (PVT) 5) .
The purpose of this study was to validate the Dutch version of the OISQ among workers with a regular daytime job. To this extend subjects also completed the PSQI 8) and SLEEP-50 questionnaire 10) to determine the presence and severity of sleep problems, and the ESS 11) to asses daytime sleepiness.
Subjects and Methods

Subjects
We aimed at 500 useful surveys, completed by adults (18-65 yr old) with a regular fulltime day job. To validate the OISQ we aimed at a broad variety of workers to complete the survey. To that extend study personnel contacted various companies if it was allowed to administer the survey to their personnel. In addition, surveys were distributed from a children's daycare center. Participants who brought their child in the morning took a number of surveys to their office and returned them completed at the end of the day when they picked up their child. Although this method implies the risk of surveying participants with young children or part-time jobs (both exclusion criteria) and the lack of information on inclusion rates, the great advantage of this method is that a broad variety of random people could be reached to complete the survey. No other inclusion or exclusion criteria were applied.
Survey
The survey consisted of 4 pages and could be completed in approximately 10 to 15 min. In addition to demographics and information on job-type and working hours, the survey consisted of the OISQ (Occupational Impact of Sleep Questionnaire), the SLEEP-50 questionnaire, the PSQI (Pittsburgh Sleep Quality Index), and the ESS (Epworth Sleepiness Scale). The survey questions all concerned their previous week of work.
OISQ [5] [6] The OISQ is a 24-item questionnaire looking at how quality of sleep influences the ability to perform in the workplace. Scores on each question range from 0 ("never/not applicable"), 1 ("a little bit of the time"), 2 ("some of the time"), 3 ("most of the time"), and 4 ("all of the time"). The total OISQ score ranges from 0 to 96. The full OISQ can be found in Appendix 1.
For this study, the English version of the OISQ was translated into the Dutch language using international guidelines for cross-cultural adaptation, which require a certified translation of the original English version of the OISQ into Dutch followed by back-translation into English. 12) The PSQI consists of 19 self-rated questions, assessing a wide variety of factors relating to sleep quality, including estimates of sleep duration and latency and the frequency and severity of specific sleep-related problems. These 19 items are grouped into seven component scores, each weighted equally on a 0-3 scale. The seven component scores are then summed to yield a global PSQI score, which has a range of 0-21; higher scores indicate worse sleep quality. The seven components of the PSQI are standardized versions of areas routinely assessed in clinical interviews of patients with sleep/wake complaints. These components are subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medications, and daytime dysfunction. 10) The SLEEP-50 questionnaire is a 50-item questionnaire about the intensity of a person's subjective sleep complaints. It was designed to detect both the sleep complaints and the sleep disorders as listed in the DSM-IV-TR, as well as factors influencing sleep. The first version of the SLEEP-50 followed the descriptions and criteria from the DSM-IV, leading to nine subscales. Five subscales (27 questions) of the SLEEP-50 were used, including Sleep Apnea (Cutoff≥15), Insomnia (Cutoff≥19), Narcolepsy (Cutoff≥7), Restless Legs (Cutoff≥7), and Nightmares (Cutoff≥3). The questionnaire starts with this statement: "Please respond to what extent a statement (item) has been applicable to you during the past 4 weeks." Each item is scored on a 4-point-scale: 1 (not at all), 2 (somewhat), 3 (rather much), and 4 (very much). The validated Dutch version of the SLEEP-50 was used for this study 10) . 13) The ESS is a screening instrument to determine sleepi-ness and the chances of falling asleep in certain instances such as while driving a car or after dinner. It consists of 8 situations of which subjects have to state the likelihood of falling asleep. Answers were scored in 4 ways: never (0), now and then (1), often (3) or always (4). The total ESS score ranges from 0 to 32.
PSQI (Pittsburgh Sleep Quality Index)
SLEEP-50 Questionnaire
ESS (Epworth Sleepiness Scale)
Statistical Analysis
Statistical analyses were performed for subjects who met the inclusion criteria of having a fulltime day job (no shifting work hours or part-time job) and no young children or pregnancy that may have disturbed their sleep. Total scores of the OISQ, ESS, PSQI, and SLEEP-50 questionnaire were computed.
Mean and Standard Deviation was computed for each variable. The frequency distribution of OISQ scores was computed as well.
Reliability and validity
The internal consistency (reliability) was measured by Cronbach's alpha. To examine validity of the OISQ, scores were correlated with PSQI, SLEEP-50 (including subscales), ESS scores. Factor analysis (applying a principal components analysis with Varimax rotation) was conducted to further investigate whether the OISQ is composed of different components.
Good versus poor sleepers
OISQ scores were computed for good and poor sleepers and compared with ANOVA (p<0.05). Good and poor sleep was categorized by (1) the subject's answer to the question if they consider themselves as good or poor sleeper, (2) using a cutoff score on the PSQI>5, or (3) presence of at least 1 sleep complaint on the SLEEP-50. For each way of categorization mean and SD of OISQ scores were computed and compared using ANOVA. In addition, OISQ scores for the SLEEP-50 subscores were calculated as well.
To examine their relationship scores on OISQ, PSQI, SLEEP-50 and ESS, data were correlated with age and ANOVA (p<0.05) was used to see if scores differed between men and women.
Results
Demographics
A total of 555 surveys were completed, and 443 surveys were included in the analysis. Surveys were excluded (N=112) because they were incomplete (N=32), subjects had a part-time job (N=10), were shift-workers (N=41), or were pregnant or had a baby (N=28). Surveys of 220 men and 223 women were used in the analyses. Subject characteristics and their relationship with OISQ, PSQI, SLEEP-50 and ESS scores are summarized in Table 1 .
According to the SLEEP-50 questionnaire, 36.6% of subjects were classified as having any sleep complaint, including insomnia (17.6%), narcolepsy (8.7%), sleep apnea (5.4%), restless legs syndrome (20.4%), or nightmares (1.6%).
Reliability and validity
Reliability of the OISQ was determined by computing Chronbach's alpha. Chronbach's alpha, based on 441 subjects, was 0.96.
Validity was determined by correlating the OISQ overall score with those of the PSQI, Epworth Sleepiness Scale and SLEEP-50 questionnaire. Results from these correlations, including the subscales of the SLEEP-50 are presented in Table 2 .
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Factor analysis revealed 3 factors that were able to explain 66% of the variance in OISQ scores. A closer look at the 3 factors shows however that 53.5% of the 66% of variance is explained by 1 factor, 6.9% and 5.6% by factors 2 and 3 respectively. Hence, the data suggest no clear underlying factor structure.
Distribution of OISQ scores
Mean score on the OISQ for those not reporting sleep problems was 14.0 (95% CI: 12.7-15.3). Figure 1 shows the distribution of OISQ scores for all subjects. Figure 1 illustrates that the OISQ measures a continuum of the impact of sleep on on-the-job performance. This is understandable given the fact that items can be ordered from commonly experienced to seldom experienced, and that item scores range from "never" to "all of the time". Cutoff points for good sleepers (OISQ<11.6) and poor sleepers (OISQ>18.8) were average scores of the SLEEP-50, self-rated and PSQI.
Fifty percent of subjects scored 10 or less on the OISQ. No significant differences between men and women were found. A significant negative correlation between age and OISQ scores was found (r=-0.137, p<0.004), suggesting that less sleep-related work problems are experienced when people grow older.
OISQ scores for the SLEEP-50 subgroups of apnea (27.0), insomnia (20.7), narcolepsy (25.3), Restless Legs Syndrome (21.8) and Nightmares (26.0) were almost double the score of subjects without sleep complaints (p<0.01). These scores correspond well to the PSQI scores for the SLEEP-50 subgroups. SLEEP-50 scores of apnea (7.7), insomnia (8.2), narcolepsy (6.3), Restless Legs Syndrome (5.7) and Nightmares (6.6) were also about double the score of subjects without sleep complaints: 3.1 (95% CI: 2.9-3.2).
Good versus poor sleepers
Poor sleepers were categorized according to their own judgment (19.6%), having at least 1 sleep complaint on the SLEEP-50 (35.3%), or a cutoff score >5 on the PSQI (28.9%). Mean OISQ scores (and 95% CI) for good and poor sleepers are shown in Table 3 .
Good and poor sleepers -independent from how they are categorized-show significantly different scores on the OISQ. Again, no significant differences were found between men and women. Of interest, the incidence of self-rated poor sleep (N=85) is much lower when compared to poor sleep assessed by the PSQI cut-off score (N=142) or the SLEEP-50 questionnaire (N=150).
Discussion
The occupational impact of sleep problems has been reported previously, but its assessment has often been established by means of broad measures such as days of absenteeism or number of accidents [14] [15] [16] of these studies concern shift-workers or healthcare professionals with extended working hours 17) . A limited number of studies focused on regular 9 to 5 daytime jobs. For example, Leger and colleagues 16) reported that insomniacs missed work twice as often as good sleepers. At work, they reported poor self-esteem, less job satisfaction and less efficiency. Also, people with insomnia had a 3-fold greater risk of having multiple serious road accidents. Lindberg and colleagues 14) reported a 2.2 fold increase in occupational accidents among male subjects matching the criteria of obstructive sleep apnea (snoring and excessive daytime sleepiness).
Results from the present study show that the Dutch OISQ has a high reliability (chronbach's alpha of 0.96). Its validity was shown by significant correlations with the SLEEP-50, ESS and PSQI scores (p<0.001). Further, the Dutch OISQ differentiates clearly between poor sleepers and good sleepers. OISQ scores for poor and good sleepers in our study (20 versus 10, respectively) are lower than those observed in the study performed by David and Morgan (32 versus 17.8). This difference is probably caused by the fact that our study included 6 times more subjects 6) . A possible other reason may be the fact that we included only subject with office jobs, i.e. not requiring heavy physical activity.
A limitation of this survey was that we used the SLEEP-50 questionnaire to categorize sleep problems such as sleep apnea and narcolepsy. Although the SLEEP-50 is useful as a screening instrument, clinical assessments using DSM IV criteria are more accurate. The percentages of subjects with sleep complaints observed in our study were much higher than those observed by Spoormaker and colleagues 10) . The differences between our percentages and those of Spoormaker and colleagues study were especially profound for narcolepsy (8.7% versus 0.3%) restless legs syndrome (20.4% versus 3.6%), and sleep apnea (5.4% versus 10.3%). We have no clear explanation for the differences, except that our sample consisted of unscreened people with a daytime job (N=443) and the Spoormaker's sample consisted of college students (N=377), sleep patients (N=278) and healthy volunteers (N=44).
To gain more insight in the relationship between the severity of specific sleep complaints and the corresponding OISQ scores, future studies should be performed in the confirmed patient population. In these studies it is important to do repeated measures in time to see how OISQ scores change over time, for example if they improve during treatment. Specific measured about job performance such as number of accidents or amount of processed work should be measured in these studies to have direct measures of the occupational impact of sleep complaints. Alternatively, subjects can be tested in the laboratory on cognitive and psychomotor functioning, or sleep diary results could be associated with OISQ scores. Unfortunately, the present study lacked these elements. Finally, the present sample of subjects comprised only those involved in "office work", i.e. jobs without heavy physical labor. It is likely that the type of occupation has an impact on sleep as well. This too should be elucidated in future studies. For example, specific scales could be developed for physical labor, or for shift-workers and aircraft personnel (to determine the impact of jetlag and time zone travel on work performance), which were all excluded in the present analyses.
In conclusion, the Dutch OISQ is a suitable measure of occupational performance.
